SOLENOID DRIVER CIRCUIT 



Background of the Invention 

Field of the Invention 

This invention relates to a solenoid driver circuit 
and, more particularly, to a solenoid driver circuit 
designed to correct variations in the characteristics of a 
solenoid due to temperature. 
Description of the Related Art 

The value of the electrical resistance of a 
solenoid varies in proportion to the temperature of the 
winding. If the winding temperature rises in accordance 
with the energization time and the energization current 
value, the electrical resistance increases. When the 
electrical resistance increases, the current flowing 
through the solenoid drops even if the same voltage is 
applied. As a result, the attracting force decreases, 
resulting in a decrease in the operating speed of the 
actuator. Where the temperature is lower than the 
specified temperature, overcurrent will flow through the 
solenoid, and settling to the target current value will be 
delayed in the same way as in cases of high temperatures. 
Depending on the mode of use of the solenoid actuator, 
variations in the attracting force due to the temperature 
of the winding may present no problems. However, where 
more accurate control of attracting force is necessary, 



variations in the attracting force pose problems. 

Fig. 3 shows the current through a solenoid in a 
cutting machine for cut sheet that makes cut lettering by 
driving a cutting head up and down by a solenoid actuator. 
5 A voltage is supplied from a driver circuit in a given 
pattern, whereby the solenoid is activated. At this time, 
the current value varies according to the temperature of 
the solenoid. As the temperature rises, the current value 
drops and lowers the landing speed of the cutting head. 

l iA 10 This may make the cutting depth uneven when the head lands 
and at the beginning of the cutting. Furthermore, the 

Ilf j deviation from the voltage necessary to match the target 

! } j. n 
! d 

^ current value becomes greater than a prescribed value and 

'*3 increases the amount of feedback control. Time differences 

u 

C3 15 (Si, S 2 , and S3) occur until the current is controlled to a 

m 

b* certain current. If one tries to cover the used 

Q temperature range, he or she must wait until S max . This 

m 

leads to a decrease in the cutting speed. 

Summary of the Invention 

20 Accordingly, a technical problem to be solved 

occurs to eliminate variations in the operating 
characteristics due to the temperature of the winding of a 
solenoid. The present invention is intended to solve the 
foregoing problem. 

25 This invention is proposed to achieve the above- 
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described object, and provides a solenoid driver circuit 
including: control means for applying a voltage less than 
an activation threshold value to a solenoid from a power 
supply when the solenoid is deactivated; means for 
detecting a current value when the voltage is applied; 
means for computing a resistance value of the solenoid with 
the applied voltage and the detected current value; and 
constant-current control means for maintaining the current 
value constant during operation by controlling a solenoid 
driving voltage according to the calculated resistance 
value . 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a solenoid driver 
circuit of the present invention. 

Fig. 2 is a graph of a solenoid driving current by 
the solenoid driver circuit of the invention. 

Fig. 3 is a graph of the solenoid driving current 
illustrating the temperature characteristics of a solenoid. 

Detailed Description of the Preferred Embodiments 

One mode for carrying out this invention is 
hereinafter described by referring to the drawings. In Fig. 
1, indicated by 2 is an inverter-controlled switching 
circuit. Indicated by 3 is a solenoid. Indicated by 4 is 
a control portion. The control portion 4 has an ordinary 



duty ratio control portion 5 for varying the DC output 
voltage by controlling the on/off duty ratio of a switching 
element in the switching circuit 2. In addition, the 
control portion 4 includes: an idling control portion for 
applying a very low voltage less than an activation 
threshold value to the solenoid 3 by delivering a control 
signal to the duty ratio control portion 5; a computing 
portion 7 for computing the resistance value of the 
solenoid with the current value flowing through the 
solenoid 3 and the applied voltage; and a constant-current 
control portion 8 for maintaining the current value flowing 
through the solenoid 3 constant by producing a control 
signal to the duty ratio control portion 5. 

When the solenoid 3 is deactivated, the output 
signal from the idling control portion 6 causes the duty 
ratio control portion 5 to control the duty ratio of the 
switching circuit 2 at a low level. A very weak DC voltage 
less than the activation threshold value is applied from 
the switching circuit 2 to the solenoid 3. When the 
solenoid 3 is started, the computing portion 7 detects the 
current value flowing through the solenoid 3 during idling, 
and computes the resistance value from the detected current 
value. The constant-current control portion 8 controls the 
duty ratio control portion 5 so that the current flowing 
through the solenoid during operation of the solenoid 
becomes a prescribed value according to the computed 



resistance value, and the output voltage of the switching 
circuit 2 is controlled. 

In particular, when the temperature of winding of 
the solenoid rises and the resistance value increases, the 
output voltage from the switching circuit 2 increases 
automatically, and the current value is set to the 
prescribed value, accordingly, variations in the current 
value due to variations in the resistance value of the 
solenoid are automatically corrected. This compensates for 
variations in the operating characteristics due to the 
temperature of the winding of the solenoid shown in Fig. 3. 
Consequently, the operating characteristics can be kept 
constant within the operable temperature range in spite of 
temperature variations as shown in Fig. 2. Then, feedback 
control is provided to match the target current value. It 
is possible to quickly bring the current into the target 
current value because control is provided with a duty ratio 
set by taking account of the temperature characteristics. 

It is to be noted that this invention is not 
restricted to the embodiment described above. Various 
changes and modifications are possible within the technical 
scope of this invention. Of course, this invention covers 
these modifications. 

As described above, a solenoid driver circuit of 
the present invention reads variations in the resistance 
value of a solenoid and controls a power supply such that 



the supplied current during operation of the solenoid is in 
a certain pattern. Therefore, the operating speed of a 
solenoid actuator is controlled constant irrespective of 
the temperature of the winding of the solenoid, and the 
operation stabilizes. Furthermore, the settling time to 
the target current value is shortened. This contributes to 
increase in the operating speed. 



